PURPOSE: The study aimed at determining the relationship between refraction and anthropometric measurements and the relationship between the level of education and refractive status in a Nigerian young adult population.
Introduction
T he refractive status of any individual is dependent on many factors, some of which may be genetic or environmental. Higher socioeconomic status, especially educational achievement, has been found to be a risk factor for myopia. [1] It has also been suggested that increased near work is associated with the progression of myopic refraction. [1] H o w e v e r , r e p o r t s f r o m v a r i o u s p o p u l a t i o n -b a s e d s t u d i e s o n t h e relationship between refraction and stature have remained inconsistent. [1] [2] [3] [4] [5] [6] [7] [8] [9] Although it has been documented that the axial length of the globe is significantly related to the height and the refraction of the individual, [2, 5, 6, [10] [11] [12] [13] [14] 
no consistent relationship
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has been established between the height and refraction in adults. [1, 3, 9] On the contrary, positive relationship between height and myopia was established in schoolchildren in Singapore. [10] Similarly, while some studies have identified increased weight as a risk factor for hypermetropia [7, 10] and myopia in females, [8] others have not demonstrated such associations. [1, 6, 9] These observations informed the need to determine the relationship between refraction and some anthropometric parameters (height, weight, and body mass index) in our immediate segment of Nigerian adult population. Uncorrected refractive error is a significant cause of visual impairment in Nigeria, being responsible for over half of moderate visual impairment and >10% of severe visual impairment. [15] Furthermore, persons with myopic refractive error are at higher risk of having open-angle glaucoma [16] and retinal detachment, while short stature individuals are at risk of primary angle closure glaucoma. [17, 18] It is envisaged that if simple measurable parameters such as the height and weight are found to be related to these important predictors of ocular morbidity, that is, refractive errors, they could be found useful in screening for some of these ocular diseases.
Materials and Methods
This prospective observational cross-sectional study was carried out on healthy volunteers from the staff and student population aged 18-40 years at the Eye Care Centre of Obafemi Awolowo University Teaching Hospitals Complex, Ile-Ife. The research hypothesis was "There is no relationship between refraction and height." Sample size was calculated from n = (Zσ/E) 2 , where n = number of participants, Z = standard normal deviate at 95% confidence interval (1.96), σ is the standard deviation of spherical equivalent refraction (SER), which was 1.58, [19] and E = margin of error of 0.20 diopter, n = 239.7.
Ethical clearance was obtained from the Ethical and Research Committee of the hospital, and informed consent was obtained from the volunteers. The volunteers were given the participant information sheet and were invited to the Eye Care Center for the study. Individuals with a history of ocular trauma or surgery, current eye diseases except possible refractive errors, limb or spinal deformity, pregnancy, and recent significant weight loss were excluded from the study. Every second volunteer who met the inclusion criteria and was free from the exclusion criteria was included in the analysis, until desired sample size was achieved.
The respondents documented their age at last birthday, sex, highest educational status, and age at first enrollment for formal education, in a predesigned pro forma. Maternal and paternal highest educational levels were also documented. Education was grouped into no formal education, primary (primary school or equivalent), secondary (secondary school or equivalent), tertiary (postsecondary education), and postgraduate. Participants currently enrolled for tertiary education were also considered to have tertiary education.
Participants' height and weight were measured with standometer in meters (m) and standard weighing scale in kilogram, respectively, after adjusting for the zero error. Distance visual acuity was measured unaided and with pinhole; using an illuminated Snellen chart at 6 m in a well-lit room, one eye at a time. The above was carried out by a trained and validated research assistant (a registered nurse). Noncycloplegic objective refraction of each participant was determined using a Grand Seiko ® autorefractor (Kagawa, Japan) by one of the investigators for all the participants. Participants were seated comfortably with their chin on the chin-rest and their forehead resting firmly on the headband of the autorefractor and instructed to constantly fixate on the internal fixation target within the autorefractor. The anterior segment was examined with bright pen torch and the slit lamp biomicroscope, while the posterior segment was examined with the direct ophthalmoscope by the same investigator. SER was recorded as the sum of the sphere and half of the cylinder in diopters. Myopia was defined as SER more than −0.50 D and hypermetropia as >+0.50 D. Emmetropia was SER between −0.50 D and +0.50 D.
The data obtained were entered into SPSS 16.0 statistical software (IBM Corporation). With this software, the body mass index (weight in kilogram divided by the square of the height in meters [kg/m 2 ]) was calculated and correlation analysis was performed to show the relationship between the various variables. Only measurements in the right eyes were used for calculations because very strong positive correlation exists between the SER in the two eyes (R = 0.9, P < 0.01). Differences between means were examined using the t-test or analysis of variance methods. A multivariate regression model was utilized to explore the influence of height, weight, body mass index, participant's highest educational status, and maternal as well as paternal educational status on SER. Level of statistical significance was set at 5% (P < 0.05).
Results
Two hundred and thirty-nine healthy volunteers comprising 116 (48.5%) males and 123 (51.5%) females (M:F = 1:1.1) were enrolled in the study. Participants were aged 18-40 years with a mean age of 28.4 ± 6.4 years. Eleven participants (4.6%) had only primary education, while 42 (17.6%), 156 (65.3%), and 30 (12.6%) participants had secondary, tertiary, and postgraduate education, respectively. The height, weight, and body mass index ranged between 1.5 and 1.9 m; 40 and 129 kg; and 14.0 and 43.1 kg/m 2 , respectively. Table 1 shows the mean age, height, weight, body mass index, and average SER in the right eyes in all participants, as well as by gender distribution. The height and weight were significantly higher in males than in females, but the BMI was higher in the female volunteers.
SER was between −7.8 D and + 2.1 D in the participants. Emmetropia was the most prevalent in 129 (54%) participants, followed by myopia in 97 (40.6%) participants. Only 13 (5.4%) participants were hypermetropic. Table 2 shows the correlation between SER and age at last birthday, age at first formal school enrollment, anthropometrics, as well as participants' and parental educational status. There was a statistically significant positive relationship between increasing age and SER with the older participants being more likely to have hypermetropia (P = 0.01). On the other hand, a significant negative relationship was observed between height and SER in the total population and in males but not in the females meaning that taller male participants are more likely to have negative refraction (myopia). Both weight and body mass index were not significantly correlated with SER.
Statistically significant negative correlation was noticed between SER and participant's highest educational status. Similar significant relationships were also observed for both increasing maternal and paternal education. This means that both participants' education and parental education are related to myopia. Age at first formal school enrollment is positively related to SER. This means that individuals who start school at an older age are more prone to hypermetropia and those who start earlier have a higher tendency toward negative refraction.
Discussion
The association between refraction and stature is likely to be complex majorly because refractive status is a complex phenomenon attributable to both genetic and environmental factors such as social status, education, and occupation. [2, 4, [20] [21] [22] [23] The participants' age 18-40 years recruited in this study is aimed to minimize the age-related lenticular changes that might modify refractive status of older individuals.
Findings from this study showed that majority (54%) of the participants were emmetropic, followed by myopia (40.6%), and the least prevalent refractive status in this predominantly educated population was hypermetropia (5.4%). These findings are consistent with some clinic and population-based studies in Nigeria in which myopia was found to be more common spherical refractive error. [24] [25] [26] [27] Our finding is also close to 46.7% prevalence of myopia observed in Saudi Arabs of similar age group [19] but lower than the prevalence observed among Jordanian Arabs where more than half (53.7%) of the studied population of relatively similar age group selected from workplaces were myopic. [13] Our findings also showed that the overall mean SER in young adults in this community is −0.8 D with slightly higher value of −0.7 D ± 1.1 D observed in the female sex against the −0.9 D ± 1.6 D observed in males. The observed overall mean SER recorded in this predominantly educated Nigerian population is higher than the −0.9 D and −1.0 D reported among Saudis and Jordanian young Arab populations, respectively. [13, 19] Similarly, when compared with the earlier report from China, our findings as well as the Saudis and the Jordanian reports showed significantly much higher values than the mean SER −3.0 D recorded on young Chinese aged 19-39 years with 71% prevalence of myopia and 1.5% hypermetropia. [28] These observations suggest some regional differences in the mean SER values. The factors that may be responsible for these observed differences in the prevalence of myopia among the Arabs, Chinese, and the Nigerians remained unknown, although racial and environmental factors may account for the differences.
Finding of taller persons having a general tendency toward myopia observed in this study is similar to previous reports from Danish draftees [4] and Singaporean Chinese schoolchildren studies. [10] However, it is important to note that the relationship is only statistically significant in the total population and in the male gender but not in the females. This observation probably suggests the existence of different factors determining refraction in the gender groups. Contrary to the findings in this study, there are studies that observed no significant association between height and refractive status. [2, 3, 5, 7, 18] The height of individuals does not appear to be a strong risk factor for the development of myopia, considering the weak correlation observed between the two variables, that is, SER and the height.
In agreement with most previous studies, this study showed that there is no significant relationship between the weight and refraction and between refraction and the body mass index of young adults in this community. [1] [2] [3] 5, 6, 18] The negative relationship between SER and the educational status demonstrated in our study is observed in the participants as well as their parents. This observation is in keeping with a previous study where myopia was found to be more prevalent in the academic than in the nonacademic group. [4] Other studies have also established similar relationship between myopia and education. [2, 3, 5] Furthermore, we found that individuals who were older at first enrollment for formal education have a higher tendency toward hypermetropia. This may probably be interpreted that early exposure to near work may contribute to the development of myopia. It is not impossible that the associations seen in this predominantly educated black population differ from other racial groups with dissimilar genetic and environmental exposures, different height and weight distributions, and higher rates of myopia.
The major limitation of this study is the fact that the studied groups were drawn predominantly from a literate population, although an attempt to minimize the impact of this was recruiting various cadres of staff in the health institution including students. Being a cross-sectional study, it is difficult to establish a causal relationship from this study. Perhaps a future larger community-based longitudinal study will be beneficial.
Conclusion
This study demonstrated a significant positive relationship between height and myopia in males but not in the females. This study also showed that the weight and body mass index are not related to refraction. On the other hand, higher educational status of the participants and their parent showed increased tendency toward development of myopia. Since children are now starting school earlier than before, it can be expected that more of our future young generations may develop myopia since younger age at first formal school enrollment is related to myopia. This has an implication on ocular disease surveillance as more of the ophthalmic pathologies associated with myopia may become more prevalent. A larger future community-based study is advocated.
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